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Common 
name 

Chemical formula Isomer 
composition* 

Type Purit
y 

MW 

Deltamethrin (S)-cyano-(3-phenoxyphenyl)methyl(1R)
-cis-3-(2,2-dibromovinyl)-2,2- 
dimethylcyclopropanecarboxylate 

100% (1R3R alphaS) II 98.9 505.2 

Cypermethrin (R,S)-cyano-(3-phenoxyphenyl)methyl 
(1R,S)-cis-trans-3-(2,2-dichlorovinyl)- 
2,2-dimethylcyclopropanecarboxylate 
mixture of all 8 isomers 

48.7% cis, 51.3% trans II 88..0 416.3 

• -Cyfluthrin (R,S)-cyano-(4-fluoro-3-phenoxyphenyl) 
methyl-(1RS)-cis,trans- 
3-(2,2-ichlorovinyl)-2,2-dimethylcyclopr
opanecarboxylate 

2% 
(1R,3R,aRþ1S,3S,aS) 
30–40% 
(1R,3R,aSþ1S,3S,aR) 
3% 
(1R,3S,aRþ1S,3R,aS) 
57–67%  
(1R,3S,aSþ1S,3R,aR) 

II 99.2 434.3 

Esfenvalerate (S)-cyano-(3-phenoxyphenyl)methyl  
(1S)-2-(4-chlorophenyl)-3-methylbutanoa
te 

85.5% SS isomer  
12.0% SR, RR, RS 
2.5% other inerts 

II 98.6 419.9 

• -Cyhalothrin (R,S)-cyano-(3-phenoxyphenyl) 
methyl-(Z)-(1R,S)-cis-3-(2-chloro- 
3,3,3-trifluoro-prop-1-enyl)-2,2- 
dimethylcyclopropanecarboxylate 
 

50% (S-a-cyano, 
Z-1R-cis)  
50% 
(R-a-cyano-Z-1S-cis 

II 87.7 449.9 

Fenpropathrin (R,S)-cyano-(3-phenoxyphenyl) methyl 
2,2,3,3- 
tetramethylcyclopropanecarboxylate 

50% R-cyano 
50% S-cyano   

I/II 91.8 349.4 

Resmethrin (5-benzyl-3-furyl)methyl 
(1RS)-cis-trans-2,2-dimethyl-3-(2-methyl
prop-1-enyl)-cyclopropanecarboxylate 

1:1 ratio of 1R, 1S 
 

I 92.3 338.4 

S-Bioallethrin (S)-3-allyl-2-methyl-4-oxocyclopent- 
2-enyl (1R)-trans-2,2-dimethyl- 
3-(2-methylprop-1-enyl)- 
cyclopropanecarboxylate 

5.6% (d-trans-l) 
1.7% (l-trans-d,l) 
<1% (d,l-cis-d,l) 
 

I 95.6 302.4 

Permethrin 3-phenoxybenzyl (1R,S)-cis-trans- 
3-(2,2-dichlorovinyl)-2,2-dimethylcyclop
ropanecarboxylate 

40%cis, 60%trans I 92.0 391.3 

Bifenthrin 2-methylbiphenyl-3-ylmethyl (Z)-(1R)- 
cis-3-(2-chloro-3,3,3-trifluoroprop- 
1-enyl)-2,2-dimethylcypropanecarboxylat
e 

100% (Z, 1R cis)  I 89.0 422.9 

Tefluthrin 2,3,5,6-tetrafluoro-4-methylbenzyl (Z)- 
(1R)-cis-3-(2-chloro-3,3,3- trifluoroprop- 
1-enyl)-2,2-dimethylcypropanecarboxylat
e 

100% (Z, 1R cis) I 92.6 418.7 

 

Supplemental Material, Table 1;  

Chemical information for the pyrethroids used in this study. 
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Flexible Single Chemical Required method of analysis 

A summary of the additive model proposed by Gennings et al (2004) is presented here. 

Additivity (i.e., zero interaction) as defined by Berenbaum (1985) is related to the 

isobologram for a combination (mixture) of chemicals (e.g., Loewe and Muischnek, 1926; 

Loewe, 1953) through the interaction index. To define the interaction index for a 

combination of c chemicals, let Ei represent the concentration of the ith component alone 

that yields a fixed response, y0, and let xi represent the concentration of the ith component 

in combination with the c agents that yields the same response.  According to this 

definition of additivity if the substances combine with zero interaction, then  
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, then a Synergism can be claimed for the mixture of interest if the left-hand side of (1), 

termed the interaction index, is less than 1. Antagonism can be claimed for the mxiture if 

the left-hand side of (1) is greater than 1. This definition of additivity is a general form 

for dose-addition. In contrast to the toxic equivalency factor (TEF) approach, which 

assumes common concentration-response slopes across the chemicals under study, the 

general concentration-addition definition of (1) does not require such an assumption and 

can be applied to mixtures of chemicals with differing concentration-response 

relationships. 

 

FSCR: defining additivity using the interaction index set to one 

(i) test of additivity: 
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Different range parameters for each chemical and fixed-ratio mixture can be 

accommodated in the present approach by using a general form (Gennings et al, 2004) of 

the additivity model. For convenience in notation, define a model for each of c single 

chemicals and for the fixed-ratio mixture ray with subscript i, i=1,…, R (here, R=c+1=12). 

All single chemical and mixture data were used fit to a nonlinear logistic model , i.e.,  
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, i=1,…,R (2) 

where 0 log(100/( 100))iβ α= − which constrains the mean to be 100 for the control 

groups; x is the concentration of the ith chemical (i=1,…,11) or the total concentration for 

the mixture ray (i=12) divided by 1000 to stabilize the corresponding covariance matrix; 

αi is an unknown parameter associated with the maximum effect for the ith single 

chemical or mixture; and βi is an unknown parameter associated with the slope for the ith 

single chemical or mixture. A common intercept parameter was assumed to fix the mean 

response at the control group to be 100 due to the calculation of the percent control 

response. For parsimony, a backward elimination criterion was used to combine 

chemicals into groups with common maximum effect parameters. 

 

The model in (2) was fit simultaneously to all of the single chemical data and the 

fixed-ratio mixture data. Following Gennings et al, (2004), in order to test for interaction 

along the fixed-ratio ray of interest using a likelihood-ratio test a reduced additivity 

model was estimated for comparison. This was accomplished by using only the 

parameters necessary to estimate the single chemical data from (2) with a constraint of 

additivity as given in (1) to determine the predicted values along the mixture ray.  As 
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such, ECi(µ) is defined as the concentration for the ith chemical alone that produced 

response  µ.  From the model in (2),  
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From (1), under additivity, for the mixture of chemicals along the fixed-ratio ray ray with 

mixing proportion ai for the ith chemical (i=1,…,c; such that Σai=1):, 
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Thus, for a specified value of the mean µ0(add), the corresponding total concentration that 

yields that mean response under additivity is given by 

 

1

1

)(

)(0
)(0)(

)(0
)(0

)log(

)(

−

=



























−
−

= ∑
c

i

addi

add
addaddi

add

i
addadd

a
t

β

β
µα

µ
µ . (3) 

  

Assumpting that variance is proportional to the mean, a quasi-likelihood estimation 

criterion was used for estimation along the R rays (=c single chemical rays + r mixture 

rays) using only single chemical model parameters and the constraint in (3), i.e.,  

Q(add;τ) = ))log((
1

)(
1

)( addij

R

i j k
addijijky µµ

τ ∑∑∑=

−  



6 
 

subject to the constraint given in (3) where yijk is the kth response from the jth 

concentration group on the ith ray. The estimation of the additivity model is accomplished 

by imbedding a grid search into a Newton-Raphson Ridge optimization algorithm.  

Given candidate values for the model parameters (αi(add), β0(add), βi(add), i=1,…,c), the grid 

search is used to find the value of µ(add) that is associated with each mixture data point 

where the observed total concentration values, tobs, were such that 

ε<− addobs tt , a small positive value. 

Then the Newton-Raphson Ridge algorithm is used to find the constrained 

quasi-likelihood estimates for the model parameters by maximizing Q(add). A likelihood 

ratio test of additivity along the fixed-ratio mixture ray(s) of interest is constructed as 

τ̂
)/())()((2 addfull dfdffullQaddQ
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−−−

=  

which for large samples follows an F(dffull-dfadd, dffull).    
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